1Carl Haber7th Pisa Meeting25-31 May 1997The ATLAS Semiconductor Tracker1. Physics goals2. LHC Environment3. Layout and Design4. Detectors5. Electronics6. Modules7. Mechanics and Cooling8. Conclusion

21. Physics GoalsThe physics goals of ATLAS include searches for theHiggs boson and new phenomena (SUSY...) at highluminosity and b and t physics at low luminosity.Use a general purpose magnetic spectrometer for the LHCdesigned to operate at a luminosity of 1034 cm-2s-1.Tracking is an important feature of ATLAS and is used for:momentum measurementcharge determinationelectron identificationb taggingparticle spectroscopydecay length measurementE/pcalibrationATLAS Inner Detector tracking concept:Combine continuous and precision discrete tracking,redundancylarge radii (>~60 cm) dense ~36 layer axial straw tubearray (TRT): used for global pattern recognition,momentum measurements, electron ID (TR function)intermediate radii (30-52 cm) silicon strips (SCT): used forpattern recognition, precision point determination,momentum measurement, triggeringsmall radii (4-14 cm) Pixels: used for pattern recognition,vertexing, dip angle measurement

32. LHC EnvironmentThe LHC is a proton-proton collider with

s = 14 TeV.Beams collide every 25 nsAt full luminosity: 18 events/crossingHigh mass Higgs will require 10 years of runningIn regions occupied by silicon strips, radiation levels willexceed 1014 particles/cm2 over the life of the experimentFluences for 10 years operation including 50% uncertaintyand maintenance scenariolocationradiuszF[1014]VdeptIleak[ma]*barrel 330 cm75 cm1.953901.88barrel 652 cm75 cm1.161891.12disk 6 ring 126 cm170 cm2.094262.02disk 6 ring 232 cm170 cm1.683201.63disk 6 ring 344 cm170 cm1.322271.27t: for a 300 mm thick detector*: from ATLAS module geometry

43. Layout, Design, and PerformanceSilicon strip barrel regioncovers |h|<1, |z| < 75 cm4 layers of double sided strip: 30, 37.3, 44.7, 52 cmresolution 20 mm per point from 80 mm pitchstereo angle 40 mrSilicon strip forward regioncovers 1<|h|<2.5, 83.5<|z|<278.8 cm9 disk layers with double sided stripssame resolution and stereo as barrel(Pixel system: 2+1 barrels, 3 disk layers/side)System achieves 7 space points per track (including pixels)Modular design (~12 cm unit) 2112 barrel modules 34.4 m2 Si1976 forward modules26.7 m2 Sitotal channels = 6,279,168

5Basic design features:Use back to back single sided detectorsn+ strips in n bulk>can operate partially depleted after type inversion>lower voltages than with p+ strips>collect electrons - faster>768 strips, 64 mm sensor - maximize wafer areaUse binary readout electronics: 1 bit system>minimize off detector processing>only transmit hit address>relatively cheap, small area front ends>achieve resolution specs with 80 mm pitchModular design>single 2 x 64 mm module design in barrel>3 disk modules>simplify construction, lower cost>use high thermal conductivity heat spreaders>detectors -7o C +/- 2.5o CMechanics>use zero CTE carbon-fibre cylinder support>cool with binary ice flow

64. DetectorsDetector design is driven by radiation effectsSelected specificationssize64 mm x 63.6 mmstrip dimensions768+2, 80 mm pitchbulkn, 3 KWcm<r<8 KWcmimplantn+readout stripsaluminum, <20W/cmisolationindividual p framescouplingoxide+nitride, >10 pF/cmpassivationoxidebiasing*polysilicon, 1.5 MWguard ringsmultiple structurebacksidesingle p implant + guard ringV operating300 V after irradiationDesigns optimized by studies of ATLAS prototypes frommultiple vendors.*:On punchthrough biased ATLAS prototypes observeexcess noise after irradiation. Appears to be same as effectseen by CDF with FOXFET biased sensors-->"punchthrough noise"(P.Azzi et al, NIM A383 (1996), 116-123)

75. ElectronicsParameterSpecificationNoise< 1500 eEfficiency99%Noise occupancy5x10-4Bunch cross tag resolution1 bunch crossingOccup from wrong crossing1% of real hit occupancyDouble pulse resolution50ns for 3.5 fC after 3.5 f�Late charge recovery time1 ms for 3.5 fC after 80 fCMax L1 trigger rate100 KHzMin L1 trigger spacing2 bunch crossingsPipeline length128 locationsDepth de-random buffer8 locationsVoltage compliance+/-10% of nominalFunction range-10oC to 30oCPower dissipation3.8 mW/channelRadiation dose2x1014 n/cm2, 10 Mrad 8 9The front end readout is based upon a bipolar preamp-shaper-discriminator followed by a CMOS binary pipelineand readout circuit.Two implementations:A) 2 chip design>CAFE-M bipolar chip fabricated at Maxim>ABC CMOS pipeline fabricated at HoneywellB) 1 chip design>ABCD BiCMOS fabricated in DMILLBinary architecture based upon extensive prototypingbeginning with ZEUS and SDC.Binary still allows monitoring of fundamental analogperformance --> threshold scans

106. ModulesATLAS module concept determined by:electrical and thermal behavior>center tapped barrel design>use of heat spreadermanufacturability>small number of designs>simple, symmetric construction>bridged barrel hybrid designmaterial>BeO hybrids and base platesThermal run-away: power dissipated in silicon = Ileak VdepIleak depends linearly on fluence and exponentially ontemperature.Heat generated in silicon must be conducted and convectedaway efficiently.--> increase effective thermal conductivity of module

11Barrel module specificationsmechanical toleranceback to back: <5 mm (f) <25 mm (r) <25 mm (z)fixation: <50 mm (f) <100 mm (z)strip length126 mm (2 mm dead area)strip directionsaxial, stereo U/V (40 mr)number of strips768/side x 2 = 1536strip pitch80 mmhybridsize: 74.6 x 28 x 0.38 mmbridged designdetector power<1 watt@-7oC->70 mw/mm2hybrid4.45 wattoperating temperature-7o Cuniformity of Si temperature< 5o Cpermanent deformation< 5 mm after 10 thermalcycles (-20 to 70 C)hybrid power on/off< 10 mmcool down< 50 mm (30 to -10 C)

127. Mechanics and CoolingMechanical support structure4 concentric barrels:>two 0.2 mm skins ultra-high modulus CF in cyanate ester resin (CFRP)>6 mm CFRP honeycomb>0 CTE in z and f directions>terminated by 0 CTE CF flangedisks:>same CF design as barrel>supported by CF space frameAlignment>prototypes measured with ESPI system>structures surveyed with X-rays at construction>continuous monitoring with FSI and geodetic grids>track alignment

13Cooling with binary iceitemspecificationoperating temperature-14o C input fluidanti-freeze99.9% methanolice concentration at source10%ice concentration at outlet1%total tracker heat load53 kWtotal cooling capacity120 kWcooling pipe materialaluminumtypical ID3.5 mmsystem configurationleakless

148. Conclusions>ATLAS plans a large scale silicon tracking system>Design motivated by radiation tolerance and reliability>Conservative approach>lower voltages on detectors>redundancy>simple readout>Design goals achieved with use of some new approaches>thermal heat spreaders>binary ice coolant>large scale binary system>Design has been submitted to LHCC as TDR. Goal is tobegin construction in 1998. 15